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(54) THIN-FILM TRANSISTOR 

(57)Abs tract: 

PROBLEM TO BE SOLVED: To provide a thin-film transistor, 
having an ZnO film as a semiconductor active layer, where the 
leakage current of a gate insulating film is suppressed, to 
provide proper transistor characteristics. 
SOLUTION: A thin-film transistor T1 is formed on an 
insulating substrate 1. On the substrate 1, a gate electrode 2, 
a gate insulating film 21, an intermediate layer 32, and a 
semiconductor active layer 4 of ZnO are formed sequentially; 
a source electrode 5 and a drain electrode 6 are formed on 
the semiconductor active layer 4; and the intermediate layer 
32, comprising silicon nitride, is provided so as to prevent 
movable ions (Zn ion) from infiltrating the gate insulating film 
32 from the semiconductor active layer (ZnO film) 4. 
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(57) [g*5j] 

[SH] ZnOJ«**aK«Stt»4"r*W«h5>^ 

^?ti„ a«i±&ctt. y-m@2. y- 
mtcm&i s *s o . ^^ttn 4 ±«c « v - xii 

¥«<*r£14J! (ZnOI) 4*>e>©Dj»-(*> (ZtW 
*>) ©y- h*feltlg3 2^®«A4fMt54i'©fc 
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raises ?n/cy- Meatis^wu 

i«iB^gfcrS1ii:JI#IMb3Elfl (ZnO)A^^O, 

strfsy- h*fe(tMiH!jiB¥«<*«ffiii©p^K:mjiay- 

[W3}?^2 ] HUtay- r*fii&Mtt. 1 O 1 QcmJiU:® 

MtetfrnfrhK zmm i xi* 2 ieig©sjg r ^ 
mx&hmim 1 #> <=> 3 ©i>-rn#>tcf2t£©iiwa r^> 
zmxbzmxm 1 *>e> 3 ©<,»-r*i*»«:gett©»fflt r 5 

<t-r sig-e*-ss«*3i 1 *>6 5 ©t,>-m*»«:feis©?9)g 

[is*^7 ] mmpTm<Dmmw 1 0 a«± 1 0 0 0 a 
OTTiSit^ 1 *»e> 6 (D^rtifricmmvmm h ^ 

4>& < t & — 3*saBj-c* -5is*5i 1 frh 7 ©i^-ma* 

[%l»©&ttl&aftH] 
[0 0 0 1] 

[^©g-r^er#^5f] *»wti. nfbsia (zn 

[0002] 

«£*©«* (TFT) ©- 

CT©SfBS»tffi0^S 8 GCTnTo 
[000 3 ] 08©51?|gr^>i;x*tei£X 

nro-s. «*&k:#o<*5£. s«i±tc«. y-h 

y-h*fe^K3. ^ttrSttS <¥i»f*Jf) 4 
jWBiS3*n:t»S. ¥zS<*r§1±J14±«:«3P>{cv-^ 

[0004] y-hli, V-X^fiS. r"H>«ffi£ 

lib. ai^i»i^>, \To?$<Dmwmmmfr 

[0005 ] y- h*6i^Mi LXit. ^t4©g*-CH5 

c>s io, l^<fflo?.nn^. 

[0 00 6]*i|tt?g141iLtB. T^rJU? r Xf 'J 
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IS (ZnO) m$:m<<>zcti>m%:2ti-ci,>z 0 

[000 7] T*)17 y 'J =3 >m>* Is 'J 3 >B 
^^rSttBiT-STFTKifcc^-Ctt. ¥«f*r£ttH 

7<DmmiftVX. iE1?;ts:®m*X%tj:<tj:?>Ct&i!?> 

[0008] ctumuxznom^^mwrmmt-r 

Jl«#©IJS£«<fcA,<!:SW&C>„ ^-©/ctf). ZnOl 
fc^ttrittJl^-STFTt;^ pfe*SA*tL,-C^iES^ 
ttfls*ir * ft < «c 4 i I > 5 ^FA^tt« £ ^ £'£ D I > . 
[0 009] 

#6>©W52K:J;S£. Z n 0|g£*ig{*r£14JI£-r£ig 

Mr^>^x*tt*ji>Ty--ri&^Jl#s i o, Mr* 
s*^, ^^^©^Bfc^-Dr. s i o, m (y-tm 
mm) <DmnmmDmTLxisfi5ct&$>z>cti)m 
20 BMutc, y-\-imm<D&im.miMs l TTz±> y- v 

[0010] -e-C-C##SBJ3«. Z n 015r*«#ffittl 

m b 9 > ^ ^ * ^ti^-r ^ c t * mm i -r s . 

[0 0 1 1 ] 

[^H^rfS^-rSfc*©*©] [ 1 ] lltrSBSJB&fiftfc 

ffitt»©lffl«:iB«3tifcy-H6IIW%WU. B552*z» 
(44SttS^»{b3Et8 (ZnO) *>6ft9> mrey- HI6 

[l-l] *^©*^h^>^X^ (TFT : Thin 
Film Transistor) y— V 

40 [ o o i 2 ] y- rifeasMtt. y- hmgi^i*?§i± 
«y- b&®m>s:ftLx¥m#izmaia&&X'{,>z. 

[ 0 0 1 3 ] y- S^(CiSS5t-C*0 . 

!^&cm>il^14£^-Ct,>£. y- hf&tUR©1^»s 

Wittf. 10' QcmWi. <fc«3«F*U<«l 0» 
Qcm«±, JP.tC!ff$O<ttl0"Qcm«±«!:1-n 

y- hte^^©stf[^(c«y- hieiM«R» 
sew (y-r^&£3og<^t4Ji©Pia©*£«£) *e>i/ 

so -C^©©±fgti^t, 3 *i, ^©^fgtt. M*4©A*^^ 
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14.* «S^*«tSOr. g{a$«10"Qcm«Tit 
ftB<fcl>. 

[0014] v-X*ffitt**tttSttWC«foW»a. 

[0 0 15] F W>^fc¥£f*r§14JI{te§/^ri,> 
Br hJz< . F u -f >**4**f*iSttJi©flB«:ttJ}!l© 

S («*.«*- 5 » 5>z»$>7 hlg) 

[0016] ^*$ftr§ttJi. y- v 

KU^WiRtfy-FlMMItt. 
fi (* F Ay- h^jg) X«iEX ( F » ^y- 

FflHft) 4ft*«fc5CcEHTftBJ:(,>. 

[0017] *»l|l!©9Mt dr «cfci>rtt. * 

j»(*t§ttlS«SWkffiiS (ZnO) *>6ft£. 

[00 18] SEfc. #»»©»« F 9 >S?x*K*it»T 
«. ^9f4^ttJf (ZnOI) 4y-H6»J«©iai«: 
B, y- h 4&tt0H^t4 4 Bftft 4 fflfiSOtf 6**4" 
HMtfEBSftrc**. ¥#&i£1±Jl (ZnO 

IS) . cfran. y-FMMiJS. y-h*«©«ccti6 

[0019] *»*SttIiy- F^)Si©ffl«:ieg 

«*ftfc*ra»tt. y- bt&mmvmmmmT-rzvz 
PMt5fc»(cSM 6 ftr c > s. 

[0 02 0] fttcjfiifcJ: S i O, K9=©y- F 
K h 7>^X*#IE?ir(cStlf'Pl/ft < ft£&ft#*£. 

[ o o 2 i ] c©£ s tcy- btmmvt&mim&i&T 

LTOiSWjfcftMHtt^'BTtt*** 1 . ZnOI 

n-r^>) ©«A{c<fco-c. y- htmf&<Dtm\£.m& 

®TT £*>©4«i8'J;*ft£. Sfc. Wmbv^tsZ** 
nOi (¥«<*r£1*feJl) *JBfltT**£«:tt. ZnOI 

©Rsmtctew-sn^-ftft^t'oas^cc^oTy- f 

tfitHfcWXtt -S yv - . y- F «&4ftR©J6tk1£ft&© 
®T©-Br & 4 4 flEM 3 ft 4 . 
[0 02 2] *&3&*&». ±ia©<£^(CZnO{i (* 
^rSttS) &y-Hftli*4©IB«c. y-F*S*£JS4 
Bgft £ «US*» 6 ft £f*f4©*RflJi£i2g-r SCiT. 
oJ«> -f * >©y- F «M»g|^©«A«>. Z n OI©J$lg 

ictt^y- h^M©^-^cciiH-r4<b^e.ft<b 
y- hmmmfomm.m>sriimviticti^ 

tcLtc 0 

[002 3] MMORI F 7 >i^* *(C*Jt,>T«. ± 
ie©j;^ccy- F*S*SJ843a»#r£14Ji (ZnOI) 4 
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IfflBJMEBSftroSfcat). *«1*rS1<feJf (ZnOI) 

«AUry-Hft»«^!t»LA:»). y- F*g*t)S±K: 
»0©JS <0Utf**#?SttJBiOr©ZnOa) 

ifiy* - *s&&tttc k> -r c 4 asjdxh <t^A e>ft s y- 

**W©W*h 5>S***K*ilr»Ttt. y- FttfWRK 

m<omm f 9>s?x*fc4si»Ta33eisft: f 9>s>** 

[0 024] ^«crSi4HiUr©ZnO|gBpJ 

ta*tc»orai»t?*4©-c. ^<*fgttatcpjm^* 5 

AWLtfe, *^cD|iIh7>^X^« F5>5?** 
«tt©SE^b«©K« J fe*W«:<i». Lfc**-»r. 

ft/c^Xfi^ < «-r * c 4 4. 
[0 0 2 5 ] fc. *3W*«ttJl36*?ItftJ6«cStLraW 
20 t?*4©t?. *«W©»RF5>^d'*WA«?Baaft 

5yR^st©a^*^-{c4»w*^ -f ?>y*^i ur« 
amas^^wasft**©****^* 
^4c4*5r#s„ 

30 [ 1 - 2 ] 2|e|^©WK F 5 ^{Coi^r^TS 

(a) y-tmmm 

V- htfiKRB. -16^14 (M*.U&*E < 4 1 1 0 7 Q c 
mJ6l±©fitSsi!) *»6ft*©T*titf. 4©cfc^^W 
<sf*i6%4fe©r4>J:c». 

[002 6] »3i^y- Fi^J84 DTB. m«. Bl 

{t-> y a > *£ndt# 4f4M(^^'j3 >©**e ft 4 

C4*i-C*-5„ BMtf'JrOJSB. |6l»tt*aft*>ftt» 
40 «Hr*^tt«i%^-rt»r«>J:i». BMb^ya>lltt. 
m«. S i O, *^6ft4M. tftl>». S i O, 

»4-r4e4-rft««ti». ft*$. +^fti&Ktt« s f»6ft 

4©r*ftB. fia®^ft=ft4-K:«J:- 5 -c{b^fi^tb**S i 
o, *>6^-rftn»r*>«t< . 3WWffl»«c*»t»r»fc 

i"J=J>4C>5*§£tCB. C©J:5(C<b*a»Jt36«S i 

[0027] Kit^> «j3>itt. ^»e«)tc©©rii;fi!n 

ftKt?*4*. i»«SfiS«!©MH4ftStf>^-^*^ 

■v^z>ctifi$>z>. $/c t ^-h (Na) . m (C 

50 u ) . ffilS ( Z n ) I¥©pJ8M * >*i«Mfc f V 3 >ICC 



orfc. fuftoj^tc. ¥ig#rSt4Jl (Znoi) is 
fti/';=»>K (y-hlftlill) £©IH«:. y-n^n 

mitts v a>m (y-nawH) *»RRofca«:z 

nOI (¥*#r£14Jl> ^^-TSJS^tCtt. f©Zn 

-vfrh. mitts') aym*tprfimic<i:^r{m?*>c 

. mitis ') a ^iKD^tttlOfiT^WflJ^^ 

[0 028] y- M&jtKW. S i O, £ 

ay&frfrSJg (SiO, (D^e.ftSIS^tfo fc* 
f(CS i O, )g<ti>5) ittiia^. 

[0 02 9] SiO, jRtt. W¥«zMR F 7 

7XvC VDStCtot^ TEOS [Tetraethoxysilan 
e:Si(0QH 5 ) 4 ] iO, L-TJ&(5;-f & C 

■So ccD^Kct^rff^n^s io, k». igfciw 20 

1 O^QcmJ^iig^-riSt^i^^b. i^HI? 
4>5MV/cmfeU;£iSl>„ 

[0 03 0] SiO, JS«. ECR7"5XvCVDffi(C 

o, m«. mxmfti o^Qcm&Lttm&m^mm 

f4ttl»fcl0MV/cm«±iiliO. $ 
fc. COD^iCiSS i O, BtOIlKlEtt:. ECR©^* 

zmmtwoskitifiiamsti. mmmvmwmM&m 30 

( b ) 41HJB 

cpiumu. ^#^tsi±)i (Znoi) *>%y 

-hi^M^©^l!W*>©«A£W±T-#&fc©. X 

« (so*) . y- htmm 
titmtezm (mz.tt*mi*m&®£L-c<DZnom) 

ZBf&fZtZW- YmMWk<DZM-is*Mit-e%*> 
tOT*5Ci^U>. C©£ 5 6 «. * 

[0031] waj.ctfjrajitL.rw> wttt. ^{b->'j 

£t?. JJTF. ijic<:gjbi";=>> (S i N) Jgit,^) 
^. B^<b->y 3>££J&fl-£-r£l§ (S?^bi"Jn> 
©**>*>& -Sill fc^if. fetT. ^«:^{bi">'=»>K<i: 

3>M^aaHbs/!;3>ii». ^©^©se^it^r- so 
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(S i N) HW. mi*. T*;t>7r*S i NX«S i 
, N, »5%ie. Tt^rXS iNXWS 

i 3 N« ^ri^^i-r^Hif *itfJ:C>. fcfc. J$&$. 
ftftciot, {b#fiHtb*iS i 3 N, frh&'prtxx 
i^iibf. *BJiffl#K:*J^-CS{b>"J3><b^ i 5i« 
^fC«. C©<£ Wb^Sl&tbtfS i s N, frh&'Pf 

nrt^*>©4>^tfo tpraiiiL-rcDi^^b^y 

3>Itt, «*.«. S i ON*>6ft.5>Jl^ S i ON* 

^s^i-r-5iSi-rtiWJ:c^ fiXia^^ccfco-r. {b 

^SflJt^S i ON#>P>^!>-rftTt,>T4><fc< («* 
tf. N(CS=f-T50CDl:b*n .fcfp^tf^JS^^/M^JS^ 
&<Sf) . *WMmc*5{,>XMmitis')a>£i,^m£t,c 
it. COJr^Cc^b^S^tb^S i ON#>6^4>-rftT(,> 
■5&©&^i?. 

[0032] *raBi bromitisv a>m*>mmtis 

')^>mit. ECR^XvCVDStCt-j-C 
Mt4Ci*s-Cj*5. t©#&«ECR©,i I VKl&14 

[0 0 3 3] 4iraB<*:U-C<DT*;U7rXS i N££/?K 
(JiTF. *tCT*JU7r^S i NR£(,»5) 
*WMb2sV =•>■!«. «jttf. y^XvCVDiSicj; 
oTffM-f -Sci^-c^s. c©#j£(tJ:<S<i. JtRW 

<BSf^^cT*JU7 r^S i NJg^i^jbVU 3>JS 

[0034] *rae«, iotm *>©y- h^^© 
in. xw (R[f) ■czztcvmmm-c&zttijmiz 

=i >H*SUB-r *«tecctt. ib#:fiS6«^cia^ifiJiS 
TA5S i 3 N, frhtt&m. Si, N, 4i 

PH^iurg^^b^y^xg^sffl-rsJt^cw^ si 

ON^^JQrSHS. ^m*. S i ON^r^/fcai-rSJISS: 

[0035] *raa©Ji^w« 1 0 aw± 1 0 

OOAttT. »SK(3:100A«±8 0OA«Tit 

ti««tt>. ^p^BoBiSw^E-rrsi. +#&njib -r * 
>©ya >+>yt4jg*i»6nr. i»f ^siwish^ 

\~mmm<Dmmiw>nm£ 
( c > mmm&zm 

mmim&mimmoj: itczn ois-c*s. 

[0036] CCtZn OR«S9ilf«BI^ 
{*tS14Jl<bOrfflC^ZnO^W*-f UTT§S*S 1 0" 

cm- j UT«:$iJts)3nr^.2>„ znomm<Dmm\mit 



fmicrtizcttcj:*) mmgnu ©ittt^psa* f t 

cm- J lgK$-Clt5. ';T6ga*n 0" cm' 1 

KC©* + UTigK* 1 O^cm-'ttTfCUr-^Siffi 
jl©tfl$a s fl¥W . Z n OJ8£¥«#r£ttB tl/tll»5 

[o o 3 7 ] mmt&sfemtuxoz noia. m 

[0 03 8]^«l*rStt)ltO-CCDZnO)S«. -e©* 

•r y 7$i&# i o 1 5 c m- s LXFvmmwttidtmicrj: 

(d) ¥-Vm%> V-*S@. FU-f>*® 

(y-hmfe v-*m@. ku-/>^@) #i 

-f>i^A (In), 7^5~^A (A 1 ) %f<D 

[oo39] nmt'sjmiticttL-cmjiic-? zm&c 

P>ft£©-C**i«\ £©<fc0 *>&£4>©T-4>J: 
l>. MiLtf. iMt-f >S*9A (In, O f ), M4kM 
(SnO, ) . Z n 0«*DIWbSrtm*\ 
f4JC*W»* F-^L5ft*>©*ai!8*««»*44 UTS 
ffltSCi^-c^S. I n, O, , SnO, . ZnOf 
©aMfcHlttt* (BMkHMiUMic) tt, 7G*fit/t*rt*l 0" 1 
-1 0- J Qcmggifil,>nl©ia*«ftt*^ C 
©<fc -5 «EBMblHm(c7lf«« F-^-Ti Ci-C, * + 
•JT^g* l o"~i 0"cnr'&lKfcJW;3tt. ffiK 
^£ 1 0" 5 ~1 O-'QcmSSK^tS^tCffii-rjC 

W, I n, 0 3 K$! (Sn) £F-yLfc&© 

(— /SffJtC I TO (Indium Tin Oxide) tm*ft&) . 
Sn 0 1 tCT>^*> (S b) X«7 (F) * F- 
yufcfe©. Z n OtC I n & F — 7*1/ ZnOtC 
tfU-^A (Ga) 4K-^fc4© (-jHIBKGZOi 
Wtii) . ZnOttA 1 *F-^UA:t>© (— H2WtC 
AZO£n¥'f*i£) *c£*SU8TfttfJ:i». 
[0040] y- f-Sffi. V-^1SM F U-T 
©»»». ^T|5lDfc©t bTfcJ:< . ©&£*>©<!: I, 

(e) Sfi 

##6W©«Jlh^>^X2tt. «*.«. felftlSStiLhtC 
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x-y;l/>Ul/*> (PES) . #Vtj-#*Jh (P 
C) . #l)X^U>f U7*U- h (PET) . ^')7 
l/U-h (PA) . #'JX-^;W:c-^>Uy h> (PE 
EK) . T4"J* ( PMMA) . ABS. ^'J07-^k 
i^U>*>6>^cSfe©iL-r4><fcU. pJ9*tt* 
WT-5fc©<bl/"C4>J:C>. 
(f) ^©SfiF^^iiK^tli, ZnO*> 

[004 1 ] mTC&S & £©fcti>K. y- 

httim. fuse. y-F««. v-xwaacfKu-f 

>*fi©9*©4>&< oSjBWKOrfc.fcl*. 3 

? y*«3 e VJ&Lh'C***m«:J:'or. y- httlft 
K. tt»iB». y-F*«. v-xiix»Fi"f>ii 

20 [0042] y-nieuw. y-m@. v- 

□^CitJl o O^^itfiK-r-SCi^-C^So 

[0043] &tt> Bmb*>&* z&m?zmfci>M 

[0 044] 

i&w<Dmm<DBm [2] jht. **w<z^e»©« 

[0 045] *IW!©««lh9>^i' (TFT) ©- 

30 :oo46]ii ic^-rmm t ? >y ^ >tib. # h 

Ay- FS©IlF7>i>X^t*5. 
[0 04 7] iIF7>^^Tl«, *&fc§$fe«gl-h 

(c^asftrc^s. a^i±oc«, y-t-*®2. y- 

H6HW3 1. *W®3 2. *2»W£14®4*sc©/H{C 

[0 04 8 14&*fti£ttlR4t*v IWfcffiia (ZnO).ft 

ir©ZnOltt, 4©+ + y Tigm.& 1 0" cm" 1 fel 
40 -FtUZ > £>)< t c%mZtifc<b<DX-hZ>. 

[0 04 9] y- F4&IWR3 1 «. Stn^ 1 0 7 Qc 
mfcLk-C&9. *«»Ir»S iO, 

[0050] * mh 32ii *0fl-c«^t^ y => 
[0051] *^w©?sk h 9 >yx *T 1 tCfol>-C 

B. ^»M^tt«4&y-M6tUI3 l©^{Cd3HH3 
2*StffcCi{Cj;or, ¥iS(*rg14J14 (ZnOl) 
iPhf- hm^S3 l-©Zn-f^>©ffiA ; &yci > : J' 
tiCim. Z n W^->*5y- h«S^M3 1 (c*Jt^ 
50 -CffitJj-rSCi^rWl^J-C^S. cntCtO. Zn-f*> 
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w^sy- naiiyg3 1 (Sio, I) <D&tmm<D{B. 
T*m®ivz> y- t-nmm3 1 iz : £'&L-cm^i®m& 

mm 3 2 -cs-^c&k:. *m#m&m ( z n om) 4 a* 

*u z<Dwmt &%*t*-vfrh>7-Y mm 3 i * * 

RBJ13 2lO:iXUm-?ZC£WZ. CtilcJz^x: i> 

y- h*a^j§3 i (Dmummvi&Tzwffl-rzc t&v 
{ctj/cO^L-r^-r-sciAsr^s/ci*. y-n& io 

[0 05 2] ¥a£ft?SttJ14<fc Lt©ZnOl» 

-5. 20 
[0053]$fc, ¥^<*«ttJ14ASojm^^U-CS 

Bj©sjih7>^$T i -e©pa 

[0054] $2£BJ<Di?lg h ^ M*. # h 

Ay- hstciigs;* ft s *>©-?«&< . h^yy-n* 

[3] mmmi. tmmi 

£#©£ WESSU ^©h^^x^tt^IS^ 30 
[005 5] *^BJO»^ h7>-^ 2 £©it!|&©fctf> 

[ 3 - i ] * -r. i fcfco-cfFiSL/cjgjg h ^ 

>^^;>T2©ilBS^jS^02^#BSL-Ci5iBJ-r.S. « 
8St-5>^X*T2ii. *fhAy-hS©gi^h^>^ 
X£"C #>-*>,, 

[0056]Ilh7>^i!T2«. ^«fe^tt<D» 

Si±(c^?n-ci^ 0 stgni^7xs«-c*-5„ 40 

[0057 ] «&1 ±(C«C r frhteZ?- bmm2. 
y- h«ffi££5<fc5K:^b>"; 3> (SiO, ) *>e> 

^sy-h^K3 i. ^t->y 3>^6^^.*F^)i3 

2#fl2l&;*ftT(,>£. *«J1 3 2_htC«: > * + <)T®m 

^mmm&mizmicfflws ft/c z n o*>6ft z>*m#is 

[005 8] *^{*r£1*feJi4©J:iU;J:. ft^Jl-SSi 
, < „ __ *, 3 xe>/ c «>©&SJI 7 #fl2Jdc 3 ftr t, » * . 
[0059] ¥«^rSttJ14^<D±«:W > 

rgt4H4©— SB. tpRfljf 3 2©fstH-rssfl73\ y-h*fi 50 
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1. 8 2*^^$n-ct,>-5„ 

[0060] &mm 7 -?>jiraigi(*jg8 i . 8 2©i**4 

/UciHb^ 3 >i?©*pjg*#*4. #!i-f s f, r 5"; 

Jk !X'J7 5 F. ^>V^>*Ciy^> (BCB) &£'£ 

-rft«cti>. 

[0 0 6 1 ] ^*Si14Jl4±K:«. 3 In*6 
&*V-X«I5& FU-f>«tt6#. <SSJ1 7 -^JUS 
iiI8 1, 8 2©-§P££'5J:5CC^J!£;**rri,>£. 

[ 3 - 2 ] HiStA 1 tcfc^rii. iSJlS h 7 * t 
2 ^^©J: ^>ic 0"Cf^S?L-/c. 

(a) y- m@2 

*•**. y-hm@2<bT-5^f^tt<DCr)l*»«l± 
{C^CD<fc ^ (C LXBfS, Ltc. 

[0 06 2] ttO&tC. 7nFO>X/i»^'J>^S 
(£<fc oT^iaTT. J5^^3 0 0 0 A(DC r 

(b) y- h*&tHR3 1 

[0 06 3] y-HBIMl3 1 £LX<Dm<tis<)^>m 
«. W?iSRF7 7XvCVDSKJ:-,t, »®S 
C&Cb. TEOS [Tetraethoxvsilane:Si 
(OCHs),] <tO a ZmMlCL-CBf&Ltc. C©^(C<t 
0. SiO, *3EJiS»i-r*IMb5/y3>BI*JB«L 
fc. ^b'>U3>M©Jl*«i^2 5 0 OAiUc. C© 
^b~> 3 >^©ffi!n^« 1 0 1 4 Q c mJjLhi&fc-Clg 

(c) *rai3 2 

;xi>-e. 4 j F4Ji3 2<b-r*S{b^';3»g ; &y-hiifi# 
M3 i±cc^©J:^K:ur?f^Lfc. 

[0064] tpfflMt LXOy&ilis'J 3>^«. W^P 
MRF^XvCVDffisa-jt, SiH, ^/XtN 

5 0 0A©W*{C^uyt o 

[0 06 5] 77XvCVDS(CJ;5g{bV'j3>lO 

f^^?*tc«. -e©jsioag©ac^e>. y5>7^ 

>J®«rf#S/c*{C«. 7S si/vl'i&mi&X-BlS.-rZV 
AW$Ll,K C<DUmt. S i H, ©±T*NH, tJg 

itaa^s i (nh, ) 3 i-rit©-e*s„ 

^'XiDNH, /S i H, ©iJSSJ:b?:7v#<-r5. S 
iH, iilESSriKK-r*, R F /<-7-**» < ti. X 
« (SO') fiRM^grt-COT 5 y->7>^©^fi£*Ci 
iS-T S/c«>tB»0 t )CC^if4**x©7g@ifi!fFa*fi< <k 
■C. MStt^b^y 3>^f#6*a4 (D.T.Mirler et 
al.,J.Non Crys.Solids.Vol .187,p324(1995)) . 



(7) 

XI 

[0 06 6] CC-Ctt. ifeSJtNH, /S i H, =8 0 
/10. RFA7-=80W. E*=60Pa. S«S 
@[=2 0 0* C©^#T(CT, WfWRF^^Xv 

c v D»i§ffl^t7 s / i/7>tiSK j: ot. *ra 
/Co &*>\ ?§a^ra ; &fi< (*wc 

«60Pa){c-r> J&ISSrFr^/c. 

(d) ¥a»mSffil4 

t,C'X<D£ *> «. L X&f£ Ltc. 10 
[0 06 7 ] ^iSffcrSttJI 4 1 1/tOZ n Olgtt. 

xu-f-itfttct^t, afiK?as44 5 0' c(cl 

xnmOtc. Z n OIH, $fj500 AOJl^CC^L 
/c. ZnOJg4KD&5g?&g£ISg-rSC<!:'t\ ZnOI 
©* * «; TffigRO'zgm^^rSfilKllliSg L /c„ 

(e) ummiRz^mmmmm l 8 2 

(&U/C 

[o 0 6 8] &mm7RvmfflmBm8 i . 8 2 tux 20 
0 0 Aom&icnmLtc. coymit^'j^^mc, •?* 

xmutc. c<D£5icumm7RvmrMmmm 1. 8 

2»|5|B#K3J?£l,/c. 

(f) V-XSS5RO*KU-/ , >®@6 

^©Jr^CcjfcfiSO/c,, 

[0069] «D«>tc. ¥m#mtem4^mmm7%?<D 30 

iK, SJn*n^»a«C<fc ^Tfi 1 5 0 0 A©J1<&© I 
nJ!g£^)?Stl,/c„ C© I nB&y* h 'J V if 97 

Bfr^ff^K© I nBit. FW>H&6 if S^ff^© 

1 nM£^)iXL/c„ 

[0 0 7 0] Ctl6K:J:0. S2©IiF7>y^$T 

2 5rf?fc. 

[ 3 - 3 ] ftfc, GSgJl^JlRBIfei&M©*?^ JgfiS* 
[0 0 7 1 ] mx.\t. 03K7jrr«Mh^>^X*T3*4O 



1$B8 2002-289859 
12 

* ©<fc 5 

[007 2 ] f8Mh7>i>X*T3«. 1 ±K:;X© 

0h7>y^T i i[5i«tcL-c. affii±(cy-hm© 

2. y- h*&£K3 1 . *P^@3 2SO'¥«m§ttJ14 
[007 3]^>-C, «SJ17 iTMMfcS"; 3>»* 

^©j^Kffw*. sr. y-HB*K3i. wan 

3 2 &t>'¥i»f*r£14Jl 4 <fc 5 (C^t^ U 3 >|g* 

[0 074] /<»S^<-Sxa>H8 3RCJWM 

*fefilg8 1 . 8 2<h-r-5^ , ;-f 5 Ffll*^©<fc5«:jgfiS 

r*. sf, y-HMwaai. 4>nra3 2. ¥«f*r£ 

>«tt*JKfiW <&«««: 7 * F »; y^97 * -j**5Mffl 

*> mf&BVto* •» f<- > a >i® 8 3 sclera 
i&ii8 i . 8 2*nz. 

[0 0 7 5 ] ©f&CC. V-XlS5SyKl/-f>fi6 
*3»6W1 iHSJC^fiSOr. nmh9>i?X* T34 

[ 3 - 4 ] JfctSW 1 ccfci^r ». ±fE©«lg F 5 >i? 

**&&5&L>fc. ittm i {c*3c>T{i. y-h 
2 <t 4 ©rate y- f valgus 3 1 /ctt t, 

[0 07 6 ] *J6«l©«glh5>^*4. fttMU 

oiih7>y^^©awi 1 y- ht&Kit (sio, 

IS) 31i. ¥aS&r§ttH (ZnOI) 4©Fh'JK:. *Rfl 
IS {Mlf U 3 >R) 3 2 #f2g3*iTt>£a>ga>/cW 

[3-5] HJ6«l®Wg|h5>y^f T2i. ik« 
« 1 ©»M h 9 2 K*»W y- F tftKBKD y — ^ 

1 (CthTo 
[0 07 7 ] 

[an 









y- Feast 


SiOz(2500A) 


SiOz(2500A) 




SiN(SOOA) 




U-^mSKA/cm 2 ) 




2.5X10" 4 — 1.4X10- 5 



[0 07 8] *raH (fl{fcS/>;a>ll) 3 2 



(ZnOI) 4*»6y-Hft»il (S i O, IS) ^©z 
50 iT^SCi^S. 
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[6o79] m4icmt&mi<Dm&\-7> : !szz T2© 

Vd s ( FU-f >- V-zmnK) -Id (FU-f>i 

»y- ntur&o. v gl . vg, . • • vg, 

[0080] 04*6. nmmi<o®m\~7>z;z$T 
2(c*ji>r» < &vcDy- f-SEcD^br. Ku-f>s 

tt£Wl/T<,>-SC4#:b#>&. 10 
[0 08 1 ] CilKfctbT. Jt^C«Jl©»® 

S9tctet^rv g, -Vg, «04CD&cD«:>tfi£; 

«. y- h mmm<D y i^ce*. i 20 

[0082] ct\h<<c&<<). tprnm (a^ts/y =»>«> 

*Wr4fSJS«l©»JKh9>i?^a»«:J:*i. 4>IBM 
£ *T 0 fc (, > J±$£#J 1 CD SIM h 5 >i>X * CCtb^T . 

^"ll©ft^h5>^X$T2tC*il>r«. M> F*> 

9 y<om^ z n oj§^^«i*r§tt)iccffl^r c»s/c*. 

mc<{.>. 30 
[3-6] mmm 1 tc^o-cK. trfli3 2«t 

l/t, y^X^CVD&lC^^I&L/fcy^yyXg 

{b^> y ^ >«*fflt>yt3&». oJiU^cDXP 9 

W.JJJI4 $/c. *Pflg3 2WjSH^-c^< r 

[0 0 8 3 ] £/c. 1 ICis^X «. tpmm 3 2 4 

LTOfiHfcS/ 3 >KCDJKJ5£ 5 0 0 A 4 nJBft 

[4] mmM2 

Mh7>^iri, HiSW2C0lS^h7>^^^« > ^ 
[0084] H«SP92{C*j^-C«. ?S)Sh7>i?^^» 

to o 8 5 ] y- hm@2 ir?> i Tomz&m so 
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>y^«:<fc^T. JI^JWft5 0 0AcDI TOIgfcSffil 
±5C^fiSl/fc„ CCD I TOM£7* MJVy-77 -f -ffi 

y-hmS2*t#fco 

i^)§3 1 iT^^b~>';3>lg. *RBJI3 2£-r£S<b 
!/ya>l. ¥«#r£ttJf 4 4TSZnOI§. SSJI7 
<b-r-S^b^U3>|g. HRB*ei&Jg8 1 . 8 2i«g 

[0087]^. V-*fI©5;Rc>*FU>l'>^§6 
4^S I TOM^CDcfc^&CJfcj&Ofc. «D«WC. 

tftl 50 0 h<DB&<D I TOg?:ML/c. CCD I T 

5Cit. V-*H&5 4-f££r5£ff$1#CDI TOIS4. 

F U -f >H® 6 4 -T S^ff^CD I T OmZBfc b ft. 

[0 0 8 8 ] CtieKJ:"), jg)gh^>^**£f#fc. 

[0 0 8 9 ] ll*60«2CDiSlgl-7>^**{cJ:£4. ^ 
J£F!IicD®)lh7>yx^4l5]fi|{c:. y-^^@*}qi$ij 

[0 090] HSfe0!l2CD?iMh7>> ; X^K:fcl>-CW. 
¥*fltf£14JS (ZnOI) 4©ffe«:, a«l*®Bj-c. 
y-hm«B2. y-X^@5RO*FU'r>mS6*5SHJ 

*^-c& i t om-c$> ztoto, mmm 1 cdsk h 5 

>^^^(ctb-<r. WMh^^^^^^cDSBjgiJ^cDffi 
«36*^#<ft:-»-Ct»4. Ufc^ot, *te^2cDS)lh 

(t&M,Wk^m?-m ias^xmz.i,*z.j 9 ^>y^4 

UtipJffltSittCfi, m^£i!SS!>£C4#T?i*£. 
[0 0 9 1 ] /S*J. ^)te^2R:*it,^-C«. "5JUj^^->?: 
yp 9 ^•T-5>^4CD/ci*CDSBJ^4 i raB3 2 4 L<T§rfb 

>^CDyp ^^**^C^*4r. x^;U=f-/0 F 
9y**3 e VJit±t?*n«. ffecD«*4*e>)SS^?: 

[0 09 2 ] HS£««]2W:*JCir«. iSigtn^C^ 

*ey-HMMI3 liltSi o,K*fflt>fc*«. Kffi 
tnrx^ju+-->-o f+> 9y*3 e vJii±r*nti. 
ffecDtt*4*6^s)S*y- 

[0 09 3] HS6^II2K:*J^-C«. *Pa®3 2 4 

LXVmitis <) =1 >McD)8^«: 5 0 0 A 4 Ltc&. uJM 
■4*Zs<Dzfu 9+>ytt^l6teB14*fi6«"C^€>cD'C* 

«. gi)Sh7>^xifCD#tt*rfij±-r^. 
[5] *%m<Dmmv : 7i'i>xzte. mum. ytm^. 
tern* (s^t-) . mikmmm*. $mm* (eu 
LEDfi=-f) (c*ii^T^-r 9^>y^4orw 
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[0 09 4] *&W<Dmm h7>^**£<f*£:*fi^ 

(om^ms<Dm 5 ox - xm^iQ *> mmmmmzm 6 tc 
[0 09 5) a5sc/06tc*-r^KgK:te^-c«. 

^x * t 2 #;&©<£ *> jcrw htlX^&o 

[ o o 9 6 ] mm i ±k». *ffase (tsb^s) 9 

5. 3^«#JS9 6. B0&H@9 7. ®|iiJ*&*Sjg9 8# 10 

Bj&ztix^z. s+ifijm@9 5. at^&ttJi 9 6 . 

9 7 5C J; or— oVgkmm^&ffif&Z tiT l>-5>. 

mmmm 9 7 {iSiB^gcp &c*t Lt^n-eiiaw enr 

[0 097]fIh7>yxi!T2B, Jlfffl*fe*SM9 8 
©±«3(&;*ftTt,>£. 

[0 09 8] ®)gh^>> ; X^T2©KU-C>«@6 

«. *tis-r-5.iB^S9 7«:^2nr^?>„ FU-Y> 

^S6«@Pa$fi#M9 8tC^6nrt,^3>^^ 20 

[0 09 9] Sf)gh7>^X^T2(DV-X^@5« > 
I TOrt>e>&£j§W&ff#«@9 31XB932 

J&$tlX^Zi><DX$>t). {f-5^@©— gP(Dg|J^*sgiM 
h7>^X^T2(CjBW^V-^mg5iL/r^-r 

[0100] »)gh7>yx^T2©y- h«S2K. 
I TOrt>e>&£2B8&j£^mffi9 41X»942 tC^M 

<*ftr<,>£. *f- niitsiSB- »w«cjg 30 
fiS$nrc>sfe©r*9. >£2m&©— ffoff&jpm 

*. 

[0101] njt^2©as^h^>i ? x^T2©y- f 
n©2. y-ne«ii3i. 4>mn3 2. ¥i»#t£i4Ji 

4. FUY>*&5&i?v~:*«&Bt;m2©.£9(cjg 
sc£#r*£. c©«^gcc:te<,>Ti*. SiB^SPP 40 

tC*Jl»T»fi F 7>^X * T 2 ©£«>5ffi?S 6 
[0 10 2] ®5RVm6<Dminm&<D<*$U3&±l,X 

or &c8>icmmh : 7>isxii*mBfitbm 

ttSflLhlcJBtiKU fOSIh^^^^^l/fcl 
«©Wffi<!:. S«©S«£©raKSt^«f*Jl£^-r-S>;£ 

[01031H7B. *7nKg©ffe©W©8!tBS»rSiar 50 



49H 2002-289859 
16 

CW^&gKfc^rtt. »JgF7>^X2T2 
T2±«Ctt. i»**Hft— (Cft*J:5«:. ®ra*a^M9 8 

imf&ztox^z. c<Dmmmmm9 8M*wmmm9 

1 <Dtc#><D^y * t> bfr-frifiBsStSftxte*). 
MLrc>«. iB#m©9 7{c^i6j-r-s(ag(c«. ski 
r. pe&iig9 7 <t*tfrii®9 5©mtc?KAS9©^ 

[0104] &±©tt«Oft:«K$!at<:fei>?K> fffll 
F7>y^fB^hAy-nt$.5*5. h*yy-F 

[0105] 

**aW*«t4JBfrs«Wh9>^*"c*-or. y- 

[0BB©iSi»i&lSBJ» 

[^ 1 ] Kmitcvkhmm b =? >s?x *©— w©swm» 

JS0T-&&,, 

[0 2 ] *^BJ(c^^3|(i h -7 *©ffe©{B|©lgiBS 
Wimmx&Z. 

[03] *IM8«:«SW*h'5>^f©3 6«:flfe©« 
©miBS»rffiHr*So 

[04] HJ&m{cfcL»r^S80fc»^h7>i?X* © 
Vds-I d^Ftt^^-rsr&s. 

[0 5 ] *^{c(^iWIBI F 7>yx^4iA^g 
g©— Bffl©8wg¥ffi0r * 

[06] 05©Sln&g©liW&»fiB0r&S„ 
[0 7 ] *^Bjtc^4»|g b vlsV* 
g©ftfe©^!l©ilBS»rffi0-C* ^ . 
[0 8] &3fc©i§JK h7>-^ ^©-Fd©«iBS»r®0r 

[09] jt«e"Hcc*jc»rfajoya»iih9>^>© 
[^©gjisj] 

T 1 . T2. T3 9Ulh5>^a' 

1 . 11. 12 S« 

2 y-h^s 

3 y- h*fei*)S 

3 1 y- httiMt 

3 2 cffflU 

4 *««:rS1±© 

5 v-^SS 

6 KU-f 
7 

8 1.82 uRm^ (Jifmte^n) 

9 3 1. 9 3 2 ff^m® 
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9 4 1. 9 4 2 j£2Sg 
P ®^tSP 

9 5 *tfam& 



ClO) 

* 96 
97 

* 9 8 
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[01 ] 



[02] 




32 

31 

-2 

-1 




[04] 



[09] 




Vg?— Vgi 




\ 
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